ABSTRACT
INTRODUCTION
Many high-throughput EST projects are being carried out to discover novel genes and to study gene functions. The ESTAP software provides automated EST analysis support to a distributed group of researchers working on a variety of target organisms. ESTAP has three major components: (1) a relational database; (2) a set of backend pipeline programs; and (3) ESTAP Web programs. First, ESTAP requires users to register the user and project information through a Web interface. Project information includes biological information regarding tissues and cloning methods used in cDNA library construction, EST sequencing information, and protocols and parameters of analyses to be performed. The ESTAP Web programs verify the information and store the valid information into the ESTAP database. The user can then submit raw EST sequence data to the pipeline. The pipeline programs automatically process and analyze the data as described below. The results and related information are stored in the database, which is accessible and searchable through the Web interface. * To whom correspondence should be addressed.
SOFTWARE/HARDWARE ENVIRONMENT
The ESTAP database system uses Oracle 9i. The database schema is available at http://www.vbi.vt.edu/~estap. ESTAP pipeline programs are written in C/Pro*C and developed on the Linux platform. The Web programs are written using Java (Servlets and Applets) and are platform independent.
THE PIPELINE ANALYSIS PROGRAMS
ESTAP accepts DNA sequence electropherograms and uses the Phred program to perform base calling and to assign corresponding quality scores. The pipeline programs then read and cleanse the raw sequences by removing low-quality end sequences, vector, adaptor and homopolymer sequences and by screening for contaminants and chimeras. The cleansing process is implemented according to user-specified protocols and parameters. Sequences that pass the cleansing procedures are subjected to further analyses.
The cleansing procedures
(1) Trim low quality end sequences: the low quality base trimming procedure incorporates a sliding window to scan the sequence for low quality regions. The step between sliding windows is one. The procedure requires the following parameters: (a) Sliding window size, which specifies the number of DNA bases of the sliding window. (b) Low quality score cut-off for each base. (c) Maximum number of low quality bases per window, above which a window is considered to be a low quality region and is trimmed.
(d) Overall average low quality score cut-off per window: regions with quality scores below this threshold are trimmed.
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(2) Remove vector sequences: the cross_match program (http: // bldg6.arsusda.gov / mtucker / Public / Consed / Phrap_CM.html) is used to identify and remove vector sequences at the 5 and 3 ends.
(3) Trim adaptors: ESTAP searches for and trims both the 5 and 3 adaptor sequences (if any) using user-specified adaptor sequences. (4) Remove homopolymers: many ESTs are expected to contain terminal poly(A) [or poly(T)] that must be trimmed. We use a sliding window to scan the ESTs for the homopolymeric region near the cloning site. The procedure requires the following parameters:
(a) Homopolymer base: A, T, C or G.
(b) Initial gap from the vector site, which specifies the number of non-homopolymers allowed from the homopolymer region to the vector site. (c) Internal gap allowed in the homopolymers per window: this is the maximum number of nonhomopolymers allowed between the homopolymer letters in each window (e.g., for a window AAAAATAAAAAATAAAAAAA, the allowed gap is 1). The range allowed is from 0 to 2 with the default being 0. (d) Minimum homopolymer repeats: this is the minimum number of homopolymers required for a region to be identified as a homopolymeric region. The default criterion for a poly(A) region is at least 6 As near the cloning site. (e) Sliding window size: a window size of 10 bases is recommended to specify the number of bases per window used for homopolymer scanning and removal.
(f) Minimum homopolymer repeats per window, which specifies the minimum number of homopolymers required for a window to be considered as a homopolymeric region. If no internal gap is allowed in the sliding window, this parameter should have the same value as the sliding window size.
(5) Inspect sequence length after trimming: if the remaining sequence length is less than the length specified by the user (e.g. 50), the sequence will not be analyzed further. (6) Inspect average quality score: if the average quality score of the remaining sequence is lower than the value specified by the user (e.g. 25), the sequence will not be analyzed further.
(7) Flag chimera: an EST may be comprised of chimeric sequences, created by two or more DNA fragments ligated together during the cloning process. The chimeric sequences can be identified if the remaining sequence from previous steps still contains internally inserted adaptors or cloning sites of the user's choice. Such a sequence will be flagged as a chimera and not analyzed further. (8) Screen for contamination: if the cleansed sequence shares a high sequence identity with the cloning vector, with the host, or with an organism identified by the user as a possible biological or laboratory contaminant, the sequence will be marked as 'contaminated' and not processed further. A gapped BLASTN program with a restrictive expect-value (e.g. 1e−20) is used for such screening. The remaining parameters for BLASTN are as default. (9) Mask internal low quality bases: after trimming, the sequence may still contain low quality bases internally. The user may want to mask these low quality bases for BLAST analysis. Masking can be performed by converting low quality bases to lower case letters while keeping the rest as upper case letters.
Similarity search
The cleansed EST sequences are compared with a set of DNA or protein databases using one or more of the BLAST algorithms (Altschul et al., 1997) including BLASTN, BLASTX, and TBLASTX. Users specify the BLAST algorithms, search parameters and DNA or protein databases. The reference databases are downloaded from the NCBI site and updated periodically (ftp://ftp.ncbi.nih.gov/blast/). For each BLAST search, up to 25 top hits are kept and the results are stored in the ESTAP database. Cleansed ESTs may be reanalyzed at a frequency specified by the user.
Cluster and assemble ESTs
ESTAP also clusters and assembles ESTs as sequences accumulate from the same cloning library or from multiple libraries of the same species. ESTAP first masks the repeat sequences in the ESTs and then uses the d2_cluster program to partition ESTs into index classes (or clusters) such that ESTs are placed in the same index class if and only if they represent the same gene (Hide et al., 1999) . After the ESTs are clustered into gene indices, the CAP3 program is used to assemble the ESTs in each cluster into contigs (Huang and Madan, 1999) . Because of the use of stringent criteria in the assembly of contigs, CAP3 can help differentiate alternative splicing variants and transcripts from paralogous genes. The assembled contigs are then reanalyzed for sequence similarity using BLAST against the NCBI protein or DNA databases. Users are provided with the option to specify parameters for d2_cluster, CAP3 and BLAST programs. The results from clustering, assembly and BLAST are stored in the ESTAP database.
THE WEB PROGRAMS
The ESTAP Web programs make data easily accessible to users. Users may log onto the ESTAP Web site to register and update user and project information, to view original/cleansed EST data and the analysis results, and to automatically prepare selected EST sequences for submission to dbEST. Users may search the ESTAP database for EST sequence information using sequence name, clone name or a specified region of the DNA or amino acid sequence; and for project information using taxonomy, tissue type, developmental stage or treatment terms. Users may also retrieve EST sequences that have BLAST hits containing a user-specified keyword in the subject description. The major advantages of ESTAP include the use of sophisticated cleansing procedures, the incorporation of highly reliable tools such as d2_cluster and CAP3, Web accessibility that provides a user friendly interface and facilitates information sharing and retrieval, and extensive downstream analysis of assembled contigs. The integration of these four features in ESTAP represents a significant improvement compared to currently available EST analysis programs. For example, a similar program stackPACK (Christoffels et al., 2001) does not provide extensive cleansing procedures or automated BLAST analysis of contigs. In addition, the modular design of ESTAP may facilitate the future addition of new features and programs. ESTAP will eventually become a component of a comprehensive pipeline that integrates cDNA/genomic sequence data and mRNA/protein expression profiling information.
